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SUMMARY 
Airborne measurements of the launch vehicle effluent of the STS-2 launch  on 
November 12, 1981 , are presented.  The second Space S h u t t l e  (STS-2) w a s  launched a t  
1010 EST from  launch  complex 39A (LC-39A) a t  C a p e  Canaveral ,   Florida.   This set of 
measurements is one of many obtained by the National Aeronautics and Space Adminis- 
t r a t i o n  a t  se lec ted  rocke t  launches  t o  s tudy launch vehicle  emissions and their  
impact on t ropospher ic  air  q u a l i t y .  
An ins t rumented   l igh t   a i rp lane   measured  the f o l l o w i n g :   ( 1 )   p a r t i c u l a t e   d a t a  
i n  t h e  form  of a l i g h t  s c a t t e r i n g  c o e f f i c i e n t  o b t a i n e d  from an  in tegra t ing  nephe-  
lometer; (2 )  pa r t i cu la t e  concen t r a t ions  and  mass concent ra t ions  obta ined  from a 
spectrometer probe; (3)  gaseous HC1 and t o t a l  HC1 concentrat ions obtained from a 
gas- f i l t e r -cor re la t ion  ins t rument  and  a chemiluminescent  instrument ,  respect ively;  
and ( 4 )  outside-air   temperature  and  dew-point  emperature.   In  addition, time, a l t i -  
tude,   and  posi t ion of 31 da ta  po in t s  ( c loud  passes) are presented. 
These data c o n t r i b u t e  to  an accumulating data base designed to  c h a r a c t e r i z e  a 
t y p i c a l  Space Transportat ion System (STS) launch  and a s s i s t  i n  d e t e r m i n i n g  t h e  
r e su l t i ng  env i ronmen ta l  e f f ec t s .  
INTRODUCTION 
Since  1972,  the  National  Aeronautics  and Space Administration ( N A S A )  has  been 
conducting  measurements of launch  vehic le  e f f luent  (LVE) a t  selected NASA and A i r  
Force launches for  the purpose of invest igat ing the environmental  impact  of launch 
vehicle  emissions (mainly the exhaust  of sol id-propel lent  rocket  motors)  on tropo- 
s p h e r i c  a i r  q u a l i t y .  The LVE program is a mul t i cen te r  ac t iv i ty  invo lv ing  the  Lang ley  
Research  Center ( L a R C ) ,  t he  George C. Marshal l   Space  Fl ight   Center  (MSFC), and t h e  
John F. Kennedy Space  Center (KSC) .  Current  program  goals  focus on obta in ing  a data 
base to  assist in  the  de t e rmina t ion  of t he  env i ronmen ta l  e f f ec t s  of Shut t le  launches.  
The pr imary  objec t ive  of t h i s  o p e r a t i o n  w a s  t o  measure the concentrat ions of s e l e c t e d  
rocket exhaust products within and beneath the exhaust cloud formed during launch. 
The r e s u l t s  p r e s e n t e d  h e r e i n  are from airborne measurements taken November 12, 
1981,  immediately  following the second  Space  Shut t le  (STS-2) launch. The launch time 
w a s  1010 EST (151O:lO GMT).  The launch s i te  w a s  launch  complex 39A (LC-39A) a t  Cape 
Canaveral  , Florida. 
This report is the  second  in  a series of  opera t iona l  reports on monitoring 
S h u t t l e  l a u n c h  v e h i c l e  e f f l u e n t  i n  which the Langley Research Center  par t ic ipated.  
The f i r s t  report ( r e f .  l ) ,  which w a s  on the measurement r e s u l t s  of the f irst  Space 
S h u t t l e  (STS-1 ), conta ins  a comprehensive l ist  of more than 70 references.   These 
re ferences  are organized  under   the  fol lowing  categories:  models and a n a l y t i c a l  
s tud ies ,   l aunch-s i te   measurements ,   l abora tory   s tud ies ,   ins t rumenta t ion ,   and  other. 
They cons t i t u t e  append ix  A of re ference  1 and serve as a re ference  summary for the 
LVE a c t i v i t i e s  a t  the Langley Research Center. 
SYMBOLS 
Values are g i v e n  i n  S I  Units  and,  where  considered  useful, also i n  U.S. Custom- 
ary  Units.  Measurements  and  calculations were made i n  U.S. Customary  Units. 
H C l ( g )  hydrogen  chloride,  gaseous state 
HC1(  t )  hydrogen   ch lor ide ,   to ta l   (gaseous   p lus   l iqu id   aerosol )  
L _ +  launch 2 minutes 
T outs ide-a i r   t empera ture ,  OC 
T 
dP 
dew-point  emperature, OC 
time a t  o r i g i n  of da ta   p lo t   (e .g . ,  see f i g s .  3,  4, and 61, r e f e r e n c e d  t o  t 0  
Bsca t 
Abbreviations : 
GMT ( o r  Zulu Z )  
l i g h t  s c a t t e r i n g  c o e f f i c i e n t ,  m -1  
AFB 
EST 
GFC 
GMT 
GOES 
KSC 
LaRC 
LC 
LORAN-C 
LVE 
MS FC 
NASA 
STS 
VHF 
VOR 
A i r  Force Base 
eas t e rn  s t anda rd  time 
gas - f i l t e r - co r re l a t ion  in s t rumen t  
Greenwich mean time 
Geos ta t iona ry  Opera t iona l  Env i ronmen ta l  Sa te l l i t e  
John F. Kennedy Space Center  
Langley Research Center 
launch complex 
long-range  navigation; C repres 
l aunch  veh ic l e  e f f luen t  
e n t s  t h i r d  gene 
George C. Marshall Space Fl ight  Center  
National Aeronautics and Space Administration 
Space Transportation System 
very high frequency 
VHF omnidirect ional  range 
r a t i o n  
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OPERATIONAL DATA 
Airborne Platform and Sensor Descriptions 
The airplane used for airborne measurements w a s  a l ight,  twin-engine Cessna 402 
which w a s  char te red  and o u t f i t t e d  by the  Langley  Research  Center. The a i rp lane  has  a 
f l i g h t  s p e e d  of  135 knots (maximum), ascent  and  descent rates of less than  150 m/min, 
and a f l i gh t  endurance  of 2 1 /2  h r .  
For the LVE m o n i t o r i n g  e f f o r t  of t he  STS-2, the  pr imary airplane instrumentat ion 
systems  were as follows: a g a s - f i l t e r - c o r r e l a t i o n  (GFC) instrument  measuring  gaseous 
HC1, a chemiluminescent detector measuring t o t a l  HC1, an  opt ica l -a r ray  c loud-drople t  
spec t rometer  probe  measur ing  par t icu la tes  in  the  diameter range  from 20 to  300 pm, 
and  an in t eg ra t ing  nephe lomete r  r eco rd ing  the  l i gh t  s ca t t e r ing  coe f f i c i en t  of the  
cloud  par t ic les .   In   addi t ion,   a i rspeed,   outs ide-air   temperature ,   dew-point  tempera- 
t u r e ,  head ing ,   a l t i t ude ,  time, and p o s i t i o n  were recorded. The f l i g h t  crew cons i s t ed  
of t h e  p i l o t ,  a f l i g h t  c o o r d i n a t o r ,  and two instrument  operators .  
Data  were  recorded as received on s t r ip -cha r t  r eco rde r s  and p r i n t e r s  for a 
"quick-look" evaluation and were also collected simultaneously on magnet ic  tape for  
f u r t h e r  data reduct ion.  
Sampling Scenario 
A t  launch minus 20 min (L - 20 m i n ) ,  the  Cessna  airplane  took  off from P a t r i c k  
A i r  Force  Base,  Florida,  and was p o s i t i o n e d  i n  a h o l d i n g  p a t t e r n  a t  762.0 m (2500 f t )  
approximately  12.9 km ( 8  miles) south of launch  complex 39A, which w a s  d i r e c t l y  o v e r  
t h e  s k i d  s t r i p .  A t  2 min a f t e r  l aunch  (L + 2 min),  the  Cessna was re leased  from the  
holding pattern and, because of a favorable  wind blowing the cloud southward, w a s  
ab le  to  in te rcept  the  launch  c loud  i n  a record time of 5 min 10 sec  a f t e r  l aunch  
(1015:12 EST). 
A t o t a l  of 31 passes (24 through  the  cloud  and 7 below  the  cloud) were made 
during the next  1 hr  45  min a t  a l t i t u d e s  between  762.0 m (2500 f t )  and 1481 m 
(4860 f t )  as shown i n  t a b l e  I. A l l  "through"  passes  were aimed a t  the  cloud center, 
and a l l  "below"  passes  were  aimed a t  a p o i n t  100 m ( e s t ima ted )  below the  bottom  of 
the  cloud. The cloud  track  during  the  sampling  period is shown i n  f i g u r e  1. The 
f l i g h t  p a t h  of the sampling airplane is shown i n  f i g u r e  2. 
D a t a  were  recorded  as  received on s t r ip -cha r t  r eco rde r s  and p r i n t e r s  f o r  a 
"quick-look" evaluation and  were a l so  co l l ec t ed  s imul t aneous ly  on magnet ic  tape for  
fu r the r   da t a   r educ t ion .  The magnetic-tape  recorder  stopped  between  pass 11 and 
pass  12  because of a spurious ray of s u n l i g h t  which t r iggered the end-of- tape sensor, 
thereby  cutt ing  the  magnetic-tape  recorder  off .   This  incident  occurred  simulta- 
neously  with a s teep   c l imb/ turn  maneuver  of the  a i rplane.   Because of the   recorder  
stoppage, no outside-air   temperature,   dew-point,   or Bscat d i g i t a l   d a t a  were 
recorded  for  passes 1 2  through 31. 
MEASUREMENT RESULTS AND ANALYSIS 
Airborne-Data Analysis 
Of the  1 hr 45 min during which the  31 passes were made, a to ta l  of 31.54 min 
were s p e n t  i n  the  cloud. The average  sample w a s  61 sec long. The shortest   sample 
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w a s  pass 1 (1 6 sec 1, and the longest sample w a s  pass 25 ( 2  min 5 sec 1. Pass 1 w a s  a 
s h o r t  sample  because  the  cloud w a s  e s s e n t i a l l y  s t i l l  a column. Pass 25 approximated 
the end  of the cloud as one  continuum,  beyond  which it became fragmented. 
P a r t i c u l a t e s  
P l o t s  of Bscat f o r  passes 1 through 11 ( a f t e r  which  the  recorder  stopped) are 
shown a s   f i g u r e  3. Outside-air   temperature  and  dew-point  emperature  for  passes 1 
through 11 are p lo t t ed  toge the r  and shown as f i g u r e  4. 
In-cloud Bscat values ,  as measured  with  the  integrating  nephelometer,  range 
from 1 0-3 m-l e a r l y   i n   t h e   c l o u d   t o  m-l a f te r   the   c loud   i spersed .   These  Bscat 
v a l u e s  a r e  s l i g h t l y  less than,  but  of the  same order  as, those  measured  in  the STS-1 
exhaust  cloud.  Measurements  below  the  cloud show a value of B s c a t  of 9 X 1 Oe4 m-l 
f o r  t h e  f i r s t  p a s s  a t  L + 5 min, but the values drop off rapidly as t ime increases.  
(Pass  1 ,  a l t h o u g h  l i s t e d  a s  "below"  the  cloud,  should be considered  in  real i ty  to  be  
a pass  through  the column s i n c e  no cloud  separat ion had occurred. The pene t r a t ion  
po in t  w a s  se lected based on a bulge  in  the  column  which  appeared t o  be t h e  s t a r t  of a 
cloud  formation.  Hence,  penetration  approximately 100 m below  the  bulge  consti tuted 
t h e  f i r s t  p a s s . )  The small par t ic les   (be tween 0.2- and 1-pm diameter)   are   the  major  
c o n t r i b u t i o n s   t o   t h e  Bscat values  and the   l a rger   par t ic les   have   very  l i t t l e  e f f e c t .  
These  small particles therefore  remained i n  the  cloud,  but  dispersed,  throughout  the 
sampling period. 
Spectrometer-Probe Measurements 
The spec t rometer  probe ,  of ten  ca l led  a Knollenberg Probe, provided measure- 
men t s  of t h e  d i s t r i b u t i o n  of l a r g e r  p a r t i c l e s  ( r a n g i n g  i n  d i a m e t e r  from 20 t o  
300 pm) r e s u l t i n g  from the  STS-2 launch. The data   taken  both  in  and under  the 
Shut t le  exhaust  c loud as a func t ion  of time were c l a s s i f i e d  by s i z e  and  were counted 
i n  15 s i z e  i n t e r v a l s  by the  par t ic le   measuring  system.  These  data   are   presented  in  
tables I1 t o  IV. 
The tabula ted  results of the mean-number concent ra t ion  i n  u n i t s  of p a r t i c l e s  p e r  
cubic   cen t imeter   for   each   pass   ( for   passes  1 through  13)  "through"  or  "below"  the 
c loud   a r e   l i s t ed  by channel number (and  hence s i z e ,  s ee   t ab l e  N) i n  t a b l e  11. There 
were no m e a s u r a b l e   p a r t i c l e s   i n   t h i s   s i z e   r a n g e   a f t e r   p a s s  13. The corresponding 
mass-concent ra t ion  va lues  ( in  uni t s  of micrograms per cub ic  me te r )  a r e  l i s t ed  i n  
t a b l e  111. Table N conta ins   the   da ta   re la t ing   ins t rument   channel  number t o  p a r t i c l e  
s i z e .  
Histogram  plots of the par t ic le -number  concent ra t ion  (upper  p lo t )  and the  cor re-  
sponding mass concent ra t ion  ( lower  p lo t )  for  passes  1 through 13 a r e  shown a s  f i g -  
ure  5 .   These  data   indicate   that   the  amount  of suspended  par t icu la te  mater ia l  wi th  a 
d iameter   l a rger   than  20 Urn decreases   rap id ly   a f te r   l aunch .   This   decrease  is probably 
due mainly to  the large par t ic les  dropping out  of the cloud.  
HC1 Measurements  from  Chemiluminescent  Instrument 
The peak  values of t o t a l  HC1 for  each of the  31 passes  a re  presented  i n  t a b l e  V 
(column 4 ) .  P l o t s  of t o t a l  HC1 for   each   pass   a re  shown as f i g u r e  6. Peak values  of 
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t o t a l  HC1 taken from the  s t r ip-char t  recorder  range  from 4.8 ppm on pass 5 t o  
0.17 ppm on pass 30 for "through-cloud passes" and from 3.0 ppm on pass 3 t o  
0.36 ppm on pass 7 below the cloud. 
HC1 Measurements  from Gas-Fi l ter-Correlat ion Instrument  
The measured values of gaseous HC1 for  each  pass  are shown i n  t a b l e  V ( co l -  
umn 5 ) .  Peak values  of gaseous HC1 taken from the  s t r ip -cha r t  r eco rde r  fo r  pas ses  1 
through 31 ranged f ram 1 -68 ppm on pass  5 t o  0.25 ppm on pass  20 for through-cloud 
passes  and were 0.63 ppm on passes 1 and 3,  which were the only below-cloud passes 
where the concentration w a s  w i th in  the  de t ec t ab le  limit of the  GEC inst rument .  
GOES Satell i te Surve i l lance  
S a t e l l i t e  s u r v e i l l a n c e  (GOES East) i n  a rapid-scan mode w a s  reques ted  dur ing  the  
an t ic ipa ted   l aunch  time t o  see i f  t h e  STS-2 launch  cloud w a s  de t ec t ab le .  The GOES 
image w a s  furnished through the courtesy of t h e  N a t i o n a l  E a r t h  S a t e l l i t e  S e r v i c e  
(NESS) of the  National  Oceanic and  Atmospheric  Administration ( N O M ) .  The p i c t u r e  
obtained,  which w a s  reproduced and shown as f i g u r e  7, w a s  taken a t  101 1 : 30 EST 
(1 51 1 : 30 GMT) on November 12, 1981 . The launch vehicle  c loud t ra i l  is c l e a r l y  shown, 
b u t  i n f o r m a t i o n  r e l a t i v e  t o  t h e  ground cloud (below an alt i tude of 1524 m (5000 f t )  1 
and i t s  behavior is no t  r ead i ly  d i sce rn ib l e  from the 0.8-km ( 1 / 2 - m i l e )  r e s o l u t i o n  
format. 
Should a fu ture  Shut t le  launch  be coordinated with a Landsat s a t e l l i t e  overpass,  
it would seem t h a t  sa te l l i te  s u r v e i l l a n c e  would provide an addi t ional  dimension for  
monitoring  launch  vehicle  clouds.  
SUMMARY OF RESULTS 
The second  Space  Shuttle (STS-2) w a s  launched November 1 2 ,  1981, a t  1010 EST 
from launch  complex 39A a t  Cape Canaveral ,   Flor ida.  A Cessna 402 twin-engine air-  
plane,  which w a s  instrumented by the Langley Research Center,  monitored the launch 
vehicle  exhaust  cloud.  Measurements of l aunch  veh ic l e  e f f luen t  were made during a 
series of 31 passes both under  and  through  the  exhaust  cloud  in  the 1 h r  45 min 
immediately  following  the  launch. The fo l lowing   r e su l t s  were obtained: 
1. Particulate d a t a  from an integrating nephelometer are p r e s e n t e d  i n  terms of a 
l i g h t   s c a t t e r i n g   c o e f f i c i e n t  Bscat f o r  passes 1 through 11. A l s o  p resented   for  
these  passes  are outside-air temperature and dew-point temperature. 
2. P a r t i c u l a t e  d a t a  from the spectrometer probe are presented  as mean concentra- 
t i o n  i n  particles per cubic  cent imeter  and as mass concent ra t ion  per channel i n  
micrograms per cubic meter. 
3. Measurements of gaseous HC1 and to ta l  HC1 as recorded by the g a s - f i l t e r -  
co r re l a t ion  in s t rumen t  and the chemiluminescent  instrument ,  respect ively,  are 
p resen ted   fo r  passes 1 through 31 . In   add i t ion ,  the time, a l t i t u d e ,  and pos i t i on  of 
each cloud pass are presente& 
4. These  measurements  agree  with similar measurements made during the launch of 
t h e  f i r s t  Space S h u t t l e  (STS-1) on April 12, 1981. "he measurements  provide, i n  
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p a r t ,  t h e  d a t a  and an assessment of the  envi ronmenta l  e f fec ts  of the STS-2 launch. 
It is hoped t h a t  t h e  r e s u l t s  c o n t r i b u t e  t o  a n  a c c u m u l a t i n g  d a t a  base which w i l l  u l t i -  
ma te ly  cha rac t e r i ze  a typical Space Transportation System (STS) launch. 
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
January 24,   1984 
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TABLE I.- AIRBORNE DATA OF STS-2 LAUNCH ON NOVEMBER 12, 1981 
?ass 
____ ~" 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
- 
- ~ ." 
Airplane position 
with respect 
cloud 
. ". 
Be low 
Through 
Below 
Below 
Through 
Be low 
Below 
Through 
Through 
Below 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Below 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
to 
[Cessna 402 datal  
" ____ 
lime a f t e r  
launch , 
min 
L + 5  
L + 7  
L + 10 
L + 12 
L + 16 
L + 19 
L + 21 
L + 25 
L + 27 
L + 31 
L + 33 
L + 36 
L + 40 
L + 42! 
L + 46 
L + 48 
L + 51 
L + 56 
L + 60 
L + 63 
L + 67 
L + 76 
L + 84 
L + 90 
L + 92 
L + 94 
L + 97 
L + 99 
L + 105 
i l t i t u d e  , m 
762.0 
1036.3 
883.9 
701 -0 
1066.8 
762 .O 
731 e5 
1005.8 
1005.8 
767 .O 
91 4.4 
914.4 
914.4 
1005.8 
1005.8 
1005.8 
1005.8 
1005.8 
1005.8 
1005.8 
1188.7 
1188.7 
1188.7 
1188.7 
1463 .O 
1481 - 3  
1481.3 
1481.3 
1481.3 
1481 e3 
11 58.2 
~ 
Airplane 
~eographical  
pos i t ion  
( a )  
37.1 km N 
37.1 km N 
090/69.5 km 
090/69.5 km 
094/68.6 km 
30.6 km N 
098/67.6 km 
098/67.6 km 
100/66.7 km 
103/64.9 km 
106/66.7 km 
106/64.9 km 
106/64.9 km 
106/64.9 km 
1 08/64.9 km 
106/62.1 km 
1 06/62.1 km 
108/64.9 km 
11 2/68.6 km 
11 5/68.6 km 
103/71 .3 km 
11  5/76.0 km 
121/73.2 km 
1.8 km W 
121/74.1 km 
4.6 km W 
122/68.6 km 
i L 0 M - C  navigation data  
Lati   tude,  
North 
28O35.63' 
28O29.95' 
28O29.95' 
28O29.15' 
28O28.85' 
28O26.96' 
28O26.11 ' 
28O26.75' 
28O26.76' 
28O25.84' 
28O25.53' 
28O 24.99' 
28O24.95' 
28O 24.37' 
28O23.16' 
28O21 .25' 
28O20.77' 
28O19.88' 
28O24.17' 
28O18.40' 
28O13.30' 
28O14.47' 
28O13.03' 
28O13.32' 
28O12.91 ' 
28O12.58' 
1 
Longitude, 
West 
80°  35.65' 
80O37.35' 
80O37.35' 
80O39.86' 
80O38.45' 
80O39.96' 
80°41 .OO' 
80O40.47' 
80°41  .55' 
80O40.93' 
80°42. 22 ' 
80°41  .22' 
80O39.69' 
80°41  .26' 
80O42.02' 
80O38.13" 
80O40.81 ' 
80°  40.48' 
80O36.05' 
80O35.69' 
80°41  .02' 
80O38.65' 
80O38.84' 
80O39.04' 
80O40.18' 
80O44.07' 
a D a t a  for the airplane geographical posit ion are entered i n  one of two ways 
as given by the  p i lo t :  ( 1  ) When a d is tance  is given  such as 37.1 km N, the  data  
point  locates  the airplane with respect  to  Patr ick Air Force Base; and ( 2 )  when a 
VOR reading,  angle  ( radial) /dis tance,  is given,  the  data  point  locates  the air-  
plane  with  respect to the  Orlando  International  Airport .  For  example, 090/69.5 km 
means d i r ec t ly  ou t  t he  90° r a d i a l  from the Orlando Airport, a dis tance of 69.5 km. 
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TABLE 11.- PARTICLE-NUMBER  CONCENTRATION IN STS-2 EXHAUST CLOUD 
Par t ic le -number   concent ra t ion ,   in   each   annel   for  - 
Channel . 
( s i ze  r ange  
Pass  1 
( a )  ( C )  ( a )  ( a )  ( a )  ( a )  ( a ,  b )  
Pass   13  Pass   12  Pass  11 Pass  10  Pass 9 Pass 8 Pass 7 Pass 6 Pass 5 Pass 4 Pass 3 Pass 2 
1 
0 0 0 0 2 
0 0 0 0 
9.3 X o 
0 o 5.8 X 5.8 X 0 0 1.2 x 10-2 0 
3 1.4 X 10-2 5.4  X o 0 1.1 X o 
2.0 X 10-4  1.0 X 0 0 2.9 X 4.1 X o 0 0 5 
1.9 X 10-3 1.1 X 3.5 X 10-3 0 1.1 X 10-3 
1.6 X 10-3 7.0 X 1.6 X 10-3 0 2.3 X 0 
0 
4 1.5 X 10-4' 1.0 X 1.5 X 1.5 X 5.3 X 5.9 X 1 0 - ~ 1  o 0 5.9 X 3.0 X 3.0 X 1.5 X 
1.2 X 10-3 3.0 x 3.0 X o 1.5 X o 
0 0 o 6.0 X 
0 0 o 4.6 X 
8 
9 
2.7 X 2.7 X 10-412.7 X 2.7 X 11 
6.9 X 10-4 4.6 X 1 0 - ~ 1  o 
0 
0 
0 
0 0 
0 
0 0 
0 0 0 0 1.2 X o 
0 0 
0 0 0 0 
0 0 
0 0 
0 
0 0 
2.5 X 10-4 
4.9 X 1 0 - ~ 1  
0 
2.9 X 5.8 X 10-4\2.9 X 2.9 X 1.5 X o 
0 
1 3  
4.0 x o 0 0 0 0 15  
0 
0 0 0 
0 3.6 x o 0 1 14 6.4 X 10-4  9.6 X 1 0 - ~ 1  o 0 
bPass 1,  a l t h o u g h  l i s t e d  a s  "below"  the  cloud,  should be c o n s i d e r e d  i n  r e a l i t y  t o  be a pass through  the column s i n c e  no cloud separat ion had occurred.  
"Pass below the cloud. 
0 0 O I  
The pene t r a t ion  po in t  was selected based on a  bulge in  the column  which appeared to  be t h e  s t a r t  of a cloud formation. Hence, penetrat ion approximately 
100 m below the b u l g e  c o n s t i t u t e d  t h e  f i r s t  pass. 
CThe instrument  was n o t  i n  the sensing mode in  pass  9. 
TABLE 111.- MASS CONCENTRATION I N  STS-2 EXHAUST CLOUD 
I 
Channel 
s i z e   r a n g e  1. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 2  
13 
14 
15 
(a, b) 
Pass  3 
(a)  
0 
0 
0 
0 
0 
2.8 x lo3 7.0 X 10' 7.0 x 10' 
2.4 x 103 
o 4.8 X lo3 2.4 x lo3 
3 0  3.3 X IO 5.0 x lo3 
4.4 X lo3 5.5 X lo3 8.8 x 103 
8.5 X lo2 5.6 X lo3 
3.4 x 103 3.4 X lo3 3.4 X lo3 
4.8 x 103 9.6 X lo3 4.8 X lo3 
1.3 x lo4 o 3.0 X lo4 
o 9.1 X lo3 o 
1.3 x lo4 o 0 
Pass  4 
( a )  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3.4 X lo3 
1.8 X lo3 
0 
0 
0 
Mass c o n c e n t r a t i o n ,  ~ g m - ~ ,  i n   each   channe l   fo r  - 
I
A Pass  5 Pass 6 
0 
2.3 X lo2 1.5 X 10' 
0 
1.9 x 102 
2.8 X lo2 .7 X lo3 
0 
.4 X lo3 o 
.7 x lo3 4.3 X lo2 
0 
o 
1.1 x 102 
1.7 X lo3 
o 1.7 X lo3 
0 0 
0 
0 0 
0 0 
0 0 
0 
Pass  7 
( a )  
3, x 102 
0 
0 
2.3 X 10' 
0 
3.5 x 102 
1.3 X lo3 
1.1 X lo3 
1.7 X lo3 
1.2 X lo3 
2.4 X lo3 
0 
0 
0 
0 
Pass  8 
0 
1.1 x 10: 
1.9 x 10' 
.1 x 102 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
'.1 x 102 
.O X lo3 
!.l x 102 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I- - 
1 
1 
1 
- 
Pass  11 Pass  12 1 Pass 13 
.6 X 10'; 1.6 X 10' 
!.O x 102 9.2 x 10 2 
1.3 X lo3 3.9 X lo2 .I x lo2 7.9 X lo3 
0 1.4 X 10' 
0 
0 
0 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 0 
0 0 
0 0 
0 
0 
!.O x 102 
i.8 x 102 
.1 x 102 
!.8 x 10 2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
aPass  below the cloud.  
bPass  1 ,  a l though  l i s t ed  a s  "be low"  the  c loud ,  shou ld  be c o n s i d e r e d  i n  reali ty t o  be  a pass th rough  the   co lumn  s ince  no c l o u d  s e p a r a t i o n  
had  occurred.  The p e n e t r a t i o n  p o i n t  was s e l e c t e d   b a s e d  on a   b u l g e   i n   t h e  column  which  appeared to  be t h e  start of a cloud  formation.  Hence, 
p e n e t r a t i o n  a p p r o x i m a t e l y  100 m be low the  bu lge  cons t i t u t ed  the  f irst  pass. 
'The i n s t r u m e n t  was n o t  i n  t h e  s e n s i n g  mode i n  p a s s  9. 
TABLE IV.- S I Z E  CHANNEL FOR  CLOUD-DROPLET  PROBE 
C h a n n e l  
( s i z e  range ) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
12 
13 
14 
15 
D i a m e t e r ,  
vm 
. . -=~~  ~ . . = ~ . ~  
20 
40 
60 
80 
1 00 
120 
1  40 
160 
1 80 
200 
220 
240 
260 
280 
300 
10 
~ 
Bass 
.. . 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
TABLE V.- HC1 MEASUREMENTS FOR PASSES 1 THROUGH 31 
[ D a t a  obtained by GEC and chemiluminescent instruments] 
Airplane 
pos i t ion  
r i t h  r e spec t  t c  
cloud 
. . ." . - . . . . .
Below 
Through 
Below 
Be low 
Through 
Below 
Be low 
Through 
Through 
Below 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
Below 
Through 
Through 
Through 
Through 
Through 
Through 
Through 
T i m e  a f t e r  
launch, 
min 
~ ~ . ~ .  ~ - . . 
L + 5  
L + 7  
L + 10 
L + 12 
L + 16 
L + 19 
L + 21 
L + 25 
L + 27 
L + 31 
L + 33 
L + 36 
L + 40 
L + 42 
L + 46 
L + 48 
L + 51 
L + 56 
L + 60 
L + 63 
L + 67 
L + 76 
L + 84 
L + 90 
L + 92 
L + 94 
L + 97 
L + 99 
L + 105 
- - " . - . - .. . - 
1 Column 4 
Peak values of HC1( t )  
3btained by chemiluminescent 
instrument,  ppm 
, ~~ .~ __ 
4 e 6  
4.8 
3 -0 
1.3 
4.8 
.36 
.36 
2.9 
3.2 
1.3 
2 .o 
2.1 
1.7 
1.4 
1.5 
1.1 
.2 
1 .04 
1.20 
.80 
.36 
.47 
30 
.36 
.62 
.17 
.17 
Column 5 
?eak values of HCl(g) 
obtained by GFC 
instrument,  ppm 
0.63 
1.26 
-63 
1 .68 
1.47 
1.26 
.42 
.38 
.84 
.80 
.80 
.84 
.76 
.25 
.74 
.84 
.63 
38 
m32 
1 1  
I 
.c Ocean 
L 
F l o ~  
+ 92 
Kilometers 
U 
5.15 
North 
Figure 1.- Cloud track during sampling period over Cape Canaveral, Florida. 
1 2  
I 
81° W 
Atlantic 
Ocean 
80°30' W 
Longitude 
28O30' N 
Latitude 
28O N 
Figure 2.- Flight  path of STS-2 sampling airplane. 
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PscaY 
m -1 
0 
( a )  Pass 1 ;  to = 151 500 z. 
I 
30 
u 
60 
Time, sec 
(b) Pass 2; to = 151 730 2. 
Figure 3.- L igh t   s ca t t e r ing   coe f f i c i en t   $ sca t  as 
measured by in tegra t ing  nephelometer  for  passes  1 
through 1 1 . The times f o r  to may not  agree  from 
ins t rumen t  to  in s t rumen t  for the  same pass.  
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0 1 1 1 1 1 1 1 1 1 ~ '  1 30 60 
Time, sec 
(c) Pass 3; to = 152  030 2. 
4 51~-4 
-1 
4 c a r  !! 
0 I l l l l l l l l l r  1 30 60 
Time, sec 
(d l  Pass 4; to = 152  30 2. 
I I I I I I I I I I  I t  I I 1  
30 60 90 
Time, sec 
(e) Pass 5; to = 152  555 Z. 
Figure 3.- Continued. 
15 
0 u 30 
Time, sec 
(f) Pass 6; to = 152 920 2. 
0 30 
Time,  sec 
(9)  Pass 7; to = 153 130 2. 
(h) Pass 8; to = 153 500 2. 
Figure 3.- Continued. 
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o l l ' l I ~ ' ~ " ' ' l l ' ' ~ '  30 60 90 
Time,  sec 
(i) Pass 9; to = 153 730 z. 
0 I l l l l l l l l l l j  30 60 
Time, sec 
(j) Pass 10; to = 154 loo z. 
(k) Pass 1 1 ;  to = 154 300 2. 
Figure 3.- Concluded. 
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10 
0 30 
Time,  sec 
( a )  Pass 1; to = 151  500 2. 
18- 
0 
u ->T 
P - 
3 + 
2! 
aJ e - a T d P  
8 - l l l 1 l I  I I I I I I I  
30 60 90 
Time, sec 
0 
I I I I I  
(b) Pass 2; to = 151 730 2. 
8 4 
0 30 60 
Time,  sec 
(c) Pass 3; to = 152 030 2. 
Figure 4.- Measurements for outs ide-a i r   t empera ture  T and 
dew-point  temperature  for  passes 1 through 1 1 . The 
for  the same pass. 
times f o r  to may not  from  instrument to  instrument  
18 
0 - T  
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0 
u 
0 
Time,  sec 
(d l  Pass 4; to = 152 230 z. 
Time,  sec 
( e )  Pass 5; to = 152 555 Z. 
0 30 
Time,  sec 
(f ) Pass 6; to = 152  920 Z. 
Figure 4 .- Continued. 
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30 60 90 
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Figure 4.- Continued. 
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18 
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I I I I I I I I I I I 1 
30 60 
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T 
I I I I I I I I I I I I I I I I I I 
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Figure 4.- Concluded. 
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F igure  5.- Particle-number concentration and mass 
c o n c e n t r a t i o n  i n  each channel  ( s ize  range)  for 
passes  1 through 13. 
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Figure 5.- Continued. 
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Figure 5 .- Continued. 
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Figure 5 .- Continued. 
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Figure 5.-  Continued. 
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Figure 5 .- Continued. 
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Figure 5 .- Continued. 
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Figure 5 .- Continued. 
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Figure 5 .- Continued. 
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Figure 5 .- Continued. 
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Figure 5.-  Continued. 
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Figure 5 .- Concluded. 
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( a )  Pass 1; to = 151 500 z. 
lime, sec 
(b) Pass 2; to = 151 735 Z. 
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( c )  Pass 3; to = 152 030 2. 
Figure 6.-  Total E 1  concentration plotted against 
time for  passes 1 through 31. The times for  to 
may not agree from instrument to instrument for 
the same pass. N o  data were obtained for passes 13 
and 19 because the instrument was not i n  the sensing 
mode. 
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Figure 6 .- Continued. 
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Figure 6.- Continued. 
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Figure 6 .- Continued. 
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Figure 6 .- Continued. 
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Figure 6 .- Continued. 
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Figure 6. - Continued. 
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Figure 6.- Continued. 
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Figure 6. - Continued. 
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Figure 6.- Concluded. 
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Figure 7.- GOES s a t e l l i t e  image showing STS-2 launch. 
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